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Introduction
Food production for pets and all kinds of livestock involves a large scale optimiza-
tion problem with mass balance constraints, nutritional constraints and physical
mixing constraints. The problem consists of mixing certain raw materials into
recipes at the lowest possible cost. In the case where all the recipes can be stored
on site in separate silos, the problem translates into a standard linear problem
that can be efficiently solved by any linear solver. When the number of available
silos is smaller than the required number of final recipes, the problem becomes
much harder to solve. In this case intermediate mixtures, which can be stored
separately in the available silos are introduced. These intermediates are made by
mixing raw materials in such a way that all the required recipes can be produced
using these intermediates. Due to the introduction of these intermediates many
of the balance, nutritional and physical mixing constraints are no longer linear.
In addition the objective function is no longer linear either.
In the petrochemical industry, a similar problem is known as the Pooling
Problem. That is a nonlinear problem, which often has nonconvexities in both
constraints and objective function [1]. The pooling problem aims at maximizing
the profit of selling gasoline blends by subtracting the production cost of each
blend from the selling price. Many solution methods have been applied to this
pooling problem. We will tackle the problem using both the ALT heuristic [2] and
the nonlinear IPOPT solver [3] in combination with the mathematical modeling
tool AMPL [4].
Model and approach
A general bilinear minimization model is developed, based on the pooling prob-
lem of [2]. Assuming that all silos have sufficient capacity, we removed the pool
capacity constraints. The arc capacity constraints are also irrelevant. The lin-
ear variables represent the materials that can be used directly in a recipe. The
nonlinear variables are the indirect materials, which are available through the
intermediates, and the intermediates themselves. The ALT heuristic requires
dividing the nonlinear variables in a set of complicating and non complicating
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variables. We model the indirect materials as non complicating and the inter-
mediates as complicating variables. This division effectively ensures that fixing
the value of one of both sets of nonlinear variables, makes the remaining problem
linear. The ALT heuristic solves the feed mixing problem by iteratively solving
these two linear sub problems. As the ALT heuristic can only be applied when a
starting solution is available, we developed four methods for creating one. Two of
these methods use problem specific information from the customer, the other two
build starting solutions in a problem independent way. The first problem specific
method uses the solutions that are currently used in practice as a starting solu-
tion. The second method applies additional constraints on the intermediates and
direct supplies to build a starting solution. Direct supplies are indirect materials
that may be used directly in the recipes, but at a much higher cost. The problem
independent methods replace the intermediates by either one indirect material
or by a random combination of indirect materials. When combined with direct
supplies, these methods enable constructing an initial solution by solving a linear
problem.
Computational results
When using the ALT heuristic in combination with the problem independent
starting solutions, eliminating the costly direct supplies proved to be very dif-
ficult. When applying the heuristic in combination with the second problem
specific starting solution, almost all the direct supplies were easy to eliminate
by keeping the constraints on the intermediates active for a limited number of
iterations of the ALT heuristic. By removing the unnecessary intermediate con-
straints, a much lower cost could be achieved. Using this combination resulted
in a cost reduction of up to 17% when compared to the approach currently used
by the companies, but in most cases the solution did require a limited amount
of direct supplies. When using the first problem specific starting solution, the
ALT heuristic manages to gain a cost reduction of 16, 7% and 9, 4% for two test
instances without using any direct supplies. The IPOPT solver enables proving
that the optimality gap for these instances is as low as 1, 58% and 0, 43% re-
spectively. For the larger test instance, the cost reduction is 22%. IPOPT was
not able to find a solution for this instance after 3 weeks. Further research will
be done to determine the real life usability of the results and the actual cost
reduction for the companies. Nevertheless these preliminary results show that
the applicability of the ALT heuristic for this kind of feed mixing problem is very
promising.
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